We study formation of the Vibrational Distribution Function (VDF) in a molecular gas at low pressure, when vibrational levels are excited by electron impact and deactivated in collisions with walls and show that this problem has a convenient analytical solution that can be used to obtain VDF and its dependence on external parameters. The VDF is determined by excitation of vibrational levels by an external source and deactivation in collisions with the wall. Deactivation in wall collisions is little known process. However, we found that the VDF is weakly dependent on the functional form of the actual form of probability   → for a vibrational number   to transfer into a lower level  at the wall. Because for a given excitation source of vibrational states, the problem is linear the solution for VDF involves solving linear matrix equation. The matrix equation can be easily solved if we approximate probability, in the form:
on the vibrational kinetics of 2 H plasmas [6, 7] . The production and loss mechanisms for excited states include volume reactions and interactions with chamber walls. An important process is deactivation of vibrational level at the wall surface to form a lower state, i.e., relaxation '  → , with 0    . The probabilities   → for this process were originally calculated by Hiskes and Karo [8] using moleculartrajectory simulations. Experimental measurements of repopulation probability distributions were initially reported by Stutzin et al. in unpublished conference proceedings [9] . Their data was published by Hiskes and Karo [ 10 ] and has been since widely adopted in modeling H2 discharges. Examples of VDF simulations using global-model approach are given in publications [11] [12] [13] [14] [15] . In such calculations, it is difficult to decouple the combined effects of different kinetic processes responsible for forming the VDF.
Hence it is not transparent which factors predominantly affect the shape of the resulting H2 vibrational spectrum.
In this letter, we develop a convenient analytical solution for vibrational distribution function of molecules colliding with a wall; we call it a Reduced Linear Model (RLM) of vibrational kinetics. RLM allows for a fast and straightforward VDF calculation and also enables analysis of contribution of different kinetic processes into the VDF formation.
In our previous study [16] , a benchmarked and validated Global Model for Negative Hydrogen Ion Source (GMNHIS) has been developed. We benchmarked the GMNHIS against another independently developed code, Global Enhanced Vibrational Kinetic Model (GEVKM) [14] and validated the GMNHIS using experimental measurement data obtained in an electron cyclotron resonance (ECR) discharge [17] .
The GMNHIS code implements a quite comprehensive reaction set for vibrational kinetics in H2. For the present work, all reaction rates related to the creation and loss of vibrational levels are evaluated according to GMNHIS, and reactions with small contributions are neglected. The RLM of vibrational kinetics is derived for low-pressure NHIS through (a) reducing the reaction set of vibrational kinetics of 2 H molecules and (b) using approximate function for the repopulation probability
We show that such an approximation does not significantly affect the calculated VDF, but allows for significant simplifications. The simplified reaction set of vibrational kinetics of 2 H molecules includes electron excitation of 2 H ( 0)  = ground-state molecules to levels 2 H ( 1 14)  =− through a resonant mechanism (called eV process) and through an indirect mechanism followed by radiative decay (called EV process), and also wall relaxation (WR process) of a vibrational level  to a lower level  ()   . ) , 
We solve Eq. (3) analytically in Appendix A and the solution is 
The left-hand side of Eqs. (4) and (5) describes the volumetric loss (in m -3 s -1 ) of excited molecules at the wall surface and the right hand side describes the volumetric source.
Henceforth, we will be considering the VDF predicted by Eq. (5) rather than the general solution given by Eq. (4) and we compare this solution to the results of our global-model simulation [16] with out 0 k . As evident from the solution given by Eq. (5) (1) with out 0 k , for   → data taken from the experimental study of Ref. [9] as reproduced in Ref. [10] shown in Fig. 2(a) and approximated by our model shown in Fig. 2(b Fig. 5 with reduced set shown in Fig. 4 , we note that they agree well with each other except for the highest vibrational levels. This is because vibrational-translational relaxation in collisions with molecular hydrogen (VT) was ignored in the reduced set of equations. The VT process can affect the densities of very high vibrational states, but its effect is weakened with decreasing pressure. To demonstrate the difference Fig. 6 shows comparison of the VDFs obtained with full GMNHIS and the RLM (reduced set without taking the VT process into account). From Fig. 6 it is evident that VDFs obtained using full GMNHIS and the RLM are nearly identical except for the highest vibrational levels above 12. However, the highest vibrational levels do not contribute much into the negative ion production rate [12, 16] , and, therefore, it is not important to predict VDF for these levels accurately. As a result RLM, given by Eq. (5) can accurately reproduce the VDF except for the highest vibrational levels above 12.
In summary, the Vibrational Distribution Function (VDF) is found to be weakly dependent on the We showed that the RLM reproduces well the VDF obtained using the full set of reaction in the GMNHIS code, except for the highest vibrational levels at relatively high pressure. The discrepancy for the highest vibrational levels is because the process of vibrational-translational relaxation in collisions with ground-state 2 H ( 0)  = molecules is not taken into account in the RLM. However, the highest vibrational levels do not contribute much into the negative ion production rate [12, 16] , and, therefore, it is not important to predict VDF for these levels accurately. Note that to account for the so far neglected VT relaxation in collisions with ground-state molecules, one only needs to appropriately modify the value of out out ( ).
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